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THE NATIONAL ELECTRICAL CODE AS IT 
AFFECTS METER OPERATIONS 


In general the problems involved are two in number: 
1, Effective grounding and bonding, and 


2. Adequate insulation. 


GROUNDING PURPOSES 

The code states in section 2511; 
“Circuits are grounded for the purpose of limiting the voltage upon the circuit which 
might otherwise occur through exposure to lightning or other voltages higher than 
that for which the circuit is designed; or to limit the maximum potential to normal 


voltage, ” 


and in section 2541: 
“Exposed conductive materials enclosing electrical equipment or forming a part of 
such equipment, are grounded for the purpose of preventing a potential above ground 


on the equipment, ” 


These purposes of grounding may be stated in another way: 
1. To limit or reduce potentials which might otherwise exist between conductors 
and equipment. 
2. To limit the voltage’between conductors and their metal enclosures, and 
3. To provide a path for fault currents which may have sufficient magnitude to cause 


overcurrent devices to operate and de-energize the circuit, 


We have long since recognized the fact that limiting potentials reduces the probability 
of electrical shock to persons or animals, andthis point hasbeen emphasized repeatedly. 
What has not been given proper recognition is that limiting or preventing potentials by 
grounding also reduces the possibility of insulationfailures and arcing, thereby reducing 


any fire hazard from electrical causes. 


VOLTAGES 

Ordinarily there are three sources of voltages for which protection must be provided: 
1. Lightning 
2. Distribution voltages of 2400 volts and above; and lastly 
3. Secondary distribution voltages, usually 120-240 volt circuits. 

When electric service first came into general use, very little consideration was given 


to more than electric lighting, the main reason for grounding secondary circuits was 
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for the purpose of reducing hazards resulting from primary voltages. Today since we 
have better transformers, transformer protection and decidedly improved line construc- 
tion, faults which involve primary circuits are comparatively rare. On the other hand, 
present day usage of electrical appliances and high current consuming equipment has 
createda situationwhereby protection from low-voltage faults has become the moreim- 
portant consideration. On the basis of the above stated conditions, and since the ground- 
ing and bonding required for low-voltage protection appears to be adequate for lightning 
and primary voltage protection, possibly we should discuss more in detail the require- 


ments for low voltage protection. 


Under the old requirements for grounding, that of having a grounding conductor and 
grounding electrode for secondary circuits and asimilar but separate grounding arrange- 
ment for conduit or other metal enclosures of current-carrying equipment, many hazards 
developed. It has been found that at times when a fault ground existed between an ener- 
gized conductor or part and grounded metal enclosure, the resistances of the separate 
grounds being relatively high, say 15 and 20ohms respectively, there was not a sufficient 
current flow in the return through earth to rupture the overcurrent protection and clear 
the circuit. This condition permitted a potential to exist on exposed metal parts which 
might be injurious to persons and in most cases lethal to animals contacting such equip- 
ment while standing on the ground. Grounding installations made and maintained in 
accordance with rules set forth in the 1947 edition of the code should eliminate this con- 
dition. Service conductors (neutral in case of 3-wire services) which are required tobe 
grounded, and non-current carrying parts of electrical equipment and the like, are re 
quired to be bonded or grounded to the same electrode. In this case a metallic path is 
provided for any fault currents to return through the service and short circuit conditions 
are developed. This short circuit condition has caused the over-current protectionto 
operate and open the circuit in all suchcases. Where there is still amomentary poten- 
tial on thiscircuit between the occurrence of fault connection and the interrupting action 
of the over-current device, this rise in potential mayreach one-half the secondary line 
voltage toground where the resistance at the service ground is large as compared tothe 


resistance of the electrode at the transformer, 


The code recommends the use of continuous underground metallic water piping systems 
as the grounding electrode where such is available on the premises. This type of elec- 
trode has proved the best in urban areas. In rural areas, however, such local water 
distribution systems have, in many cases, been found to have high resistance paths to 


ground, Because of theseoccurrences, the Rural Electrification Administration has 
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recommended to its borrowers that artificial electrodes be required for grounding and 
that any water or other metallic underground piping system and well casings be bonded 
to these electrodes, Such grounding is recommended at the central yard meter pole 
and ateach major building served. A sufficiently high percentage of rural water piping 
systems are so installed that a very high resistance ground is produced, hence this re- 
commendation. In addition to this practice, in buildings housing live stock all metals 

such as stanchions, columns and wall siding which might be exposed to fault contact by 
current carrying parts of electrical wiring systems, and which may be contacted by 
persons or animals while standing on ground or grounded surfaces should be bondedby 


a good electrical conductor to the system grounding electrode at the building service. 


All such grounding, and in addition the interconnection of all grounded secondary neutrals 
witha corresponding grounded primary system conductor, tends to reduce the resistance 
toground for bothsystems. In most cases the grounding on primary systems has a lower 
resistance than grounds installed on the secondary circuits of transformers, This re- 
duces the probability of lightning and faults on primary circuits having a serious effect 


on secondary equipment. 


Based on the experiences of our borrowers in heavy lightning areas we now recommend 
that grounding for services be connected at the point where the meter loop receives its 
supply of current. That the grounding conductor be installed at least four (4) inches 
away from conduits or service cables leading to the meter base, and that such path to 
ground be not installed within nor immediately behind the meter base. That any metal 
enclosure for wires, such as conduit, be bonded to this grounding conductor at or near 
the service head. Themetalenclosure or socket basefor ameter is adequately grounded 
through bonded connection to the grounded steel conduit or raceway. This alsogrounds 


the meter base through metallic threads, etc. 


The reasons for such grounding practices are obvious. Experience records indicate 
that ninety-five percent (95%) of all lightning surges produce impulse currents of less 
than 10,000 amperes. Withground resistances of from 5 ohm to 25 ohms the potential 
to ground may be from 50 M volts to 250 M volts. With a poor ground of as much as 
100 ohms this potential may reach as high as one million volts, By installing a good 
path to ground away from the meter, the damaging effects to magnets and to insulations 
oncoils have been reduced to a minimum. REA experience has shown also that inprac- 
tically allcases of meter failure due to lightning, the resistance of the grounding electrode 


at the meter was lower than:at the transformer, 
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The electrical industry and N. E. Code committees have continually endeavored to 
raise the standards for insulations on conductors. These have been improved and the 
old code grade rubber eliminated. Definite spacings are required between live parts 
of equipment and between live parts and groundedenclosures, ample wiring spaces, etc. , 
maintainedfor listing or approval by Underwriters' Laboratories, Inc. These require- 
ments are usually exacted for all equipments used in connection with wiring installations 
except meter bases and meters, Yet these equipments are in many cases attached to 


walls of insured buildings, most of them combustible, 


Realizing that increasingly larger meter services will be necessary to supply the require- 
ments of rural consumers, our borrowers in general require that meter loops supplying 
two or more buildings at one location, be locatedon a central yard pole. Also thateach 
building receiving service from this central meter loop be supplied through a grounded 


service entrance installation as required by the National Electrical Code. 


(Illustrated types of meter loops and building services as recommended may be found 
on pages 32 through 36 of the Form AL-5-R(1-15-50) copies of which have been distributed 
to you.) Youwillnote the water pump motor service take-off is shown as being connected 
on the load side of the meter but on the line side of the meter service control equipment, 
This is permissible under the Code since this may provide service for water pumping 


in case of fire in a building served through the control equipment. 


On these drawings you willnote the inclusion of a circuit breaker which is known to our 
users as meter service controlequipment. The devices have been produced by anumber 
of manufacturers in accordance with specifications drawn up by our Technical Standards 
Division. They are designed to limit the amount of current which a consumer may use 
to the maximum safe capacity of the transformer serving the load. The over-current 
device is also designed to coordinate with any secondary over-current protection which 
might be installed onor within the transformer, Suchprotectionserves many purposes: 

1. It reduces probable transformer outages. 

2. It reduces the necessity for service trips (often for great distances) by system 
employees to restore service. This is often the case even though self-protected 
transformers are used. 

3. It also enables the user to restore his own service where the ‘fault is in his own 
installation once the fault has been removed, 

4. It acts in the capacity of a tell-tale device when continuous overloads indicate 
the need of a larger size meter loop and transformer, You will observe on the 


drawings illustrating meter loops, generally used by REA- financed system, the 


4, . < 
} DSTSOVRVONE 
4 iid 2204 f 
yt 3 e.ti” 
isecg orilhnae 
* 7 
| 
: 
7 
y 
_ 
i 
Si 
<7 | 
r 
+ y 
} h fas 


wiat! Petpet PIR & 


(tn09 eotyree “eioer al) lo ghie onij edi no tu retest od Yo ab 


ba. ON 4 
q ee ss “ q ‘5 Fae Ae Pe, 
’ i. 3) sey ws i 
PN Gaia aun fan ay 
G1" od i ee 
< 


Lannion sv si it abeitizarses eho} . w tek eons 
i dgad- avail seedy .34 seisaghiia no enoiinivedt 10} Ee: fit 


raninns OF abruoty bry gen £t avi neried bua 


f SW al é ‘ iM ar 
r Sons tos. f Ferg Cae dy esi an3 te | vo Lov ww Oops aC puiteihs oe 


2a 


ydtiw coffsetimos nf been aiasengiups Ils 10) posnexe eibaaia 
ion at ore etnomeives ceed? e¥ .ateiom baa eeced a b: 


vidtaudnies mx? lo feom .eyoiblivd bet 


que of eirRee Ube aastvies vetem yey al qigaizastond tie 

ii isvaae9 nigiteworiod 30,278 sprue > List 
satno0l o¢ ,sotssel ono ta emniblive 
ty Beifgauve od qool tefem Levtttes aidl motieotvier gay aay =: 
gtrtoale ineotiet edt yd betivpss as wil opie ton 
TOMMMAIOSET ae - rise vetthlinud bas agool tetera Io 8OK d 
ddisits to esiqos (QE-H-1I) K-24 erto0t sth lo BE dquo dt Se. 
| rotor qiwy vatew ult atom ities 


“4 
wa 
+ 

¥ 


yt Supt, ob q yey git ooniv 6609 of) tebe oldizaie j 


orobepe fovtaos ea? dgeout el (9% peikent « nowt . 


Pa 
a SPs " : Pasd 

iw tadseve titrouis 6 to. moleeionl ont Scie ki. sav Syaiws ta 
M a 4 


scbvsh ent .iroogispe lotinos eoiviass ted 
rh etuaes Silinege dim eanebtoons at ato: 


Lr si 
pis: 


iw frets lo Jevomes od3 Jimgdot heagizad oie gad 

aii grits” isartoliRgde@ edi to -yiigegas akan rats: 7 
inewio-isvo Yrabnoose yas Mw eieaiirioes of bemgivah 4 
owe? noitzete g tivg .. vemreTanett 3 mie ti 20 0 | ; 
22 awO lem totens tt sidedorg 292 

fasiy TOA nee} agi esivie® tol qiiaesoen att @92 

, oan ont aeito et ald? jonivtee etoket me 


‘inst oct ostadw ooivTee amo Sil arodes1 OF TeeH ots eolda: 
p Py ee 
bovomns 1 neod aad Mast add sano a0) : 


mtiio) asdw eaigeb eisi-[Iet p to ‘ttosago sat 
) iw wo¥  tagtolanst} bake goo! aster wate yogtas # | 


ni arg x 


Hl -AZR yd been Ylistensy .eqodt wom Galea 


a" 


“yt 


Tro 


; ; - A 


a 
vie 


“< : = ¥ 
} (f 
ie. dee 
y “a | re 
f 4a 
i ‘v ha 


inclusion of line and load conductors within the same metal conduit or raceway. 


This arrangement has beencriticised by many as being contrary to Code require- 
ments, Our specialists, however, contended the Code was not involved. Con- 
sequently we applied to the Electrical Committee N. F. P. A. for an official 
ruling and received the following official interpretation no. 337, datedAugust 29, 
1949; 
“STATEMENT: A 'Meter Loop! onayard pole includes a service entrance cir- 
cuit breaker on the load side of the meter and mounted in a suitable enclosure 
close to the meter. The building served from this yard pole equipment has 
in addition the service entrance equipment required by Article 230. 


“QUESTION: Does Section 2306 of the 1947 edition of the National Electrical 
Code forbid running the load side conductors to the top of the pole in the same 
raceway with the line side conductors to the meter? 


“ANSWER: No.” 


In summation, we should: 
1. Provide adequate grounding and bonding against: 
a. Lightning surges 
b. Primary voltage failures, and 
c. Secondary voltage failures, especially follow-through action of secondary 
voltages after insulation failure caused by primary current flow in the 
secondary. 

2. Keep insulation levels on meters and meter enclosures as high as possible. 

3. Where the resistance to ground over primary grounding system is consistently 
higher than paths to ground on secondary service grounding installations, efforts 
must be made to improve conditions by lowering the ground resistance on primary 
systems. More or better grounds should be installed to attain lower /resistance 
paths to ground. This removes the greater probability of failures occurring on 


consumer premises, especially metering equipment. 
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